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Collaborative Planning of Multi-type and Multi-region Integrated Energy System
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Abstract: With the development of economy and the improvement of consumption level, people's requirements for improving energy
utilization efficiency have entered into a new level, and the research of comprehensive energy system is emerging. To solve the problem
of multi-type and multi-region integrated energy system collaborative planning, according to the different load characteristics, a planning
area was divided into different regions; then, a CCHP (combined cooling, heating and power) system based collaborative planning model
was established, and the Yalmip toolbox and CPLEX were used to analyze the model to get the capacity planning of equipment in different
regions. Simulation results show that the multi-type and multi-region integrated energy system collaborative planning can improve the
economic efficiency of the comprehensive energy system.
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Fig. 1 Composition of CCHP system equipments
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Fig.2 Anexample of multi-type and multi-region integrated energy system



% EhiSiSRRm

2020 457 3 11

3.1 (HESH

B RS X A AR TE AR A A A O . TR R IX Y
147 m, BlXY 14T m, VAR 207 m’, Tl
X2 32 77 m's KRS Ty 2.37 76 I, JRRIXHAN
DL AN . T AR . IR KA . AR X L4
5205456/ (KWh) . 097G/ (kWh) | 0.71 G/ (KWh) |
0.5 0/ (kWh) | 0.66 JG/ (kWh ) o BLEI4EFRRE A 10 4,
FHAFBIAEFIZR L) 5%, AR KIS R 250 . 34,
B AR AN 3~ P 10 s PP

& 3~ &1 5 7 H AN [A] DX AN [m) 22735 FH P B A0 far 7
K, BT, R E RS TRZE IR,

KRBT RADNIG R . X M X, ARG A
25
—— R
sob = I

—— 0lkIX
—o— X

IhEMW

(0]
1:00 1{}0 500 700 900 ll(I}rI-\II] 1500 1700 1900 ?1mnm
[T

A3 EERRKKRDPAGFEL
Fig.3 Thermal load demands of users in different
regions in summer

—— ERIX

fi e 1.
20F —e— TKIX
—o— IpelX

HHMW

vvvvvvvvvvv

P
1:00 300 500 7:00 900 IIﬁHE{D 1500 1700 1900 2100 2300
et

A4 SERFRRRXBINPHGTER
Fig.4 Thermal load demands of users in different regions
during transition season

25
—— RREK
il X
0F = [k

—— IR

HHEMW

- - -_"-__-_‘."-\-—.
/ \M“
vvv

00 1{!]500 ?m 900 ]]{IIHW_]ID I)m 1700 1900 2100 2300

A5 AERFARBAPARFEER
Fig.5 Thermal load demands of users in different
regions in winter

e

TR I A] 3 B AE 9:00~19:00, X ATV X T AE R [A]
Wifrs MFFmRX, BRI R A e
mmﬂmmZ@,ﬁEE?MNEEﬁ%W#ﬂK%
Ky B XRINA KR T R R A 2R, IRl
8:00~23:00, X1 F ol X AT 2 DX T AR A T4 Bof (1] A g

SRARFTR],  RERA I X T AR X ] P o 2R RO A
BIXFORBZ K
H ] 6~ 181 8 ATAG AN [RI 0T L AN[A] DO 914 1

iR, fEAZENE, VIR ffrih 0; S
FEZER, 4 S DX v 07 fif £ v B ] 2 45 1 DX 14 T
YERFE, BP 8:00~23:00, HiH i R X B Z i) ][] 25 2 Ji
) 7:00, Xt e RIX I ZE A R A A HE AT A AT A

—— R
—— Tl
8 —— 1lkl=
—— X

100 300 500 700 900 H(ﬁ}_thill) 1500 1700 19 2100 230
|
H6 AFARRBAPAGTER
Fig.6 Cold load demands of users in different

regions in summer

3

—— R R
. L4
—a— kIX
—-e-—},] YNFS

L #E MW

04066009

I m"‘ﬁo"sb’o'?ﬁo“ooa ||mr:~_zlco 1500 1700 1900 2100 2300
a
H7 SEERRARBAPLAGFTER
Fig.7 Cold load demands of users in different regions

during transition season

—— R IR
—— i all X
F—s— 11X
—— K

> o

IHEIMW
-

vvvvvvvvvvvvvvvvv

100300 500 700 900 10 1*;{11 1500 1700 1900 210 240
11§ a)
B8 AFRRFRBAPFAGIER
Fig.8 Cold load demands of users in different
regions in winter



2020 4F55 3 1 AT ZEBLXEE

*EREIR ARG EIHKY 37

P 9~ 181 11 JEANIRIZEAY | A [ DX P A H 00
R, XPRAMIT, FERK, TlX, MAKES,
W ILEFRREZE AR FL XA TR AT
KA T E B BT PO, i Tl XA 7
e S A PR SRR B A, P AR SR AR D

12
—— JRRIX

o b Bl
—— 1kl

>

ThE /MW

£

(%]

Y0300 500 70 900 ||u.'c?‘11"sin 1500 1700 1900 2100 230
g j|'|
B9 EERFK®RAPFLAFEL
Fig.9 Electrical load demands of users in different
regions in summer

—— BRI
—— Wk
T e kX
—o— el

HEMW

0
100 3:00 500 7:00 %00 Illﬁ!‘l.'iﬂ] 1500 1700 1900 2100 30
fla

H10 STERFFRFREAPER{TER
Fig.10 Electrical load demands of users in different regions
during transition season

| — EBRIX

— kX
[ —e— Tk
—e— dpielK

MW

1:00 300 500 7:00 900 Iliﬁ_]_}lﬂl 1500 1700 1900 2100 2300
oy

A1l AFRFREA P R{TER
Fig.11 Electrical load demands of users in different
regions in winter

3.2 MMESZRRSN
321 AT

3t CCHP REMIBTMA, w LIGH], JLigfe
Hp &7, i, B RETT A E A HR /)N
T AFRECR MG RA, R B T AN A X L 34
HL BT T SR AN [ o B0 77 5 SR AN A2 ) L i 114 552 P o5
K, TR e R LAY, TS O e R

MR 1~ R 3 IES], B M 32Ok I T I

A FIRRAL o
%1 HZECCHP 244K M A

Tab. 1 Investment costs of CCHP system in summer

A T
A . ‘
AE (AHX) AF (B#X)
CCHP #LZB3% % %% A 1736 1809.8
WA R 5799 5897.5
W o, B )R 5595 51475
BB AT R A 11 394 11 045
R A 13130 12 855

#2 % CCHP 4% T A
Tab. 2 Investment costs of CCHP system during
transition season

B T
A o - o b
SR FE(AEX) WEHEF(BHEX)
CCHP #LZa#% %% A 1384 1384.2
WA R 5048 5057.6
W o, 3 R 6 061 5742.3
BABAT R A 11109 10 799.9
B 12 493 12 184

#3 4% CCHP 248 mA

Tab. 3 Investment costs of CCHP system in winter

A 75 7

A 4% (AR 4% (BHA)
CCHP #L284% 7 %% A 1560.9 1559.1
WA A 5832.1 5 856.5
W), % 5146.3 4587.8
BAEATRA 10978.4 10 444.3
B 12539.3 12 003

FE BT, &ZMA TR, B2 s
BB AR, B T SRR LU A 2
% AP L GRS HLAN TR, IR R 3
o BT RIERAR A LRI, ISR S ™
FL SR RAAER , T O P ) Fi 3% PR b P B3 T s
B BBA 25 12 855 Jron, i EZE 12 184 JiC,
27512003 1 G,

322 BfiHT
TR IX s 2 %Eﬁu%;eﬁwwﬁnlﬂ 12~ & 23 iR

—-—i**’iﬁ*ém

(o0 St A A A
00 300 500 700 900 IIJZII}I}]{IJ 1500 1740 1900 2100 230
oLl

H12 AFERRELEEHAF
Fig. 12 Real-time powers of various equipments of residential
area in summer



% EhiSiSRRm

2020 4E55 3 4

—— AL
—— AP

| —— il A
—o— WS Pl [

HEMW
=]

0
1:00 3:00 500 7.00 ‘}fﬂ Il{DuHC(; 1500 1700 1900 "ICU B0
8

B13 SEFERREEE LR FE

Fig. 13 Real-time powers of various equipments of residential
area during transition season
20
----- - fACEEHL
—— R

sk o LR N
T —e— WA L

0
100 3:00 500 700 900 IIO%H_I{D ISC(] I‘a'ﬂ] IG'.CD’i{DﬂG)
Ifia

A 14 AFERREZEELEENSE

Fig. 14 Real-time powers of various equipments of

residential area in winter

12~ ] 14 s 102 Ja R XA [] 23715 4534 45 1) 52
W, T RIE R, 1Eh R R IX G A RS R
LA Ty a4 5 2R i o 2 R A 7E 8:00-24:00, I
7 21:00 AT IR B /AINE W . A SR R AT AL, A e [
JERAEFRKE, TEHOKGE, I far 19 75K HL
Erh; BERBGEUHIR LIRS, ZH T RAIRBE
R Z A ML TR, AR TRl pLm =, Wt
T HLA AR RAR , PR A FH D%

m@mwgn1wE$ﬁ§%%&%§wm$ﬁ%
AR, TAkXPREDIRENTR AR, B, Ak
HALRITE 4 9:00 FM - 7:00 ], LB%W@ETﬂ
ISt TAERIINE ], M b 7:00 250005, Tl X451k T4,
RIS | A7 fr B A PR B2 457 15 X FHLAfar i 75
W b —E R SRR T EARIFEIBT TRAS, BRI
Bfr LR IR TFEHLAERG AT A SCi D3R 2R

Pl 18~ [&] 20 Sz 5 b DX AN [1] 25715 119 158 & S B Ty 6 iy
2, Prin eI, @l X A 8:00 iR TAE, [
AR 12 8:00 FF IR L 4 ff B2 A R AR MLAE Y 1 7t
JFFER A 4:00 iR E)/N 0, M F 23:00 TARZ S, H
TR IR R e, Rl R 4ERR TR . X T
7 AT, FEAR, b IX A A SR A
i B TR B TR EE R I, mlk
X5 T B AL 17 far il A2 5K

Fig. 15

Fig. 16

Fig. 17

Fig. 18

- ——guﬁtﬁL
—— R
20 F—=— LS HL |
—— Wil ié"ﬂl

vvvvv

G &
1:00 7rO[J :){l'l ?{I} 900 Iifﬁ)h{]{! 1500 1700 1900 71!’.11 Ti(IJ
Li]

B15 EAF TR EEE T HE
Real-time powers of various equipments of industrial
area in summer

—— JRSAEHL

— PR ——
20t —— ifilispL | |
—o— Wl L .

ThEEMW

100 300 500 700 900 III)?!}I(D 1500 1700 I‘)(INIﬂ)WD

B 16 TEETVRRZEZELEERSR

Real-time powers of various equipments of industrial
area during transition season
25
—fhemy
I e & '
200 o ipplispL | |
—o—WRS AL '|
z 15} ' |
= ' I
B ' |
& 10} || |
| [
|
5t | II
|
0 . Ao
100 300 500 700 900 ”ﬁ)t]:’ﬁn 1500 1700 1900 2100 230
DiLE
A17 AFITLREZEFELEEHGHH
Real-time power of various equipment of industrial
area in winter
25
—— PR FEEL
—— A
20F —— ili% L
—o— Wi 4 L
=z 15f
=
= 1.0f
osr Y
100 300 500 700 900 111D I?i_]i.l 1500 1700 1900 2100 240
Ui
H18 AFHLREZZEENTHE
Real-time powers of various devices of commercial

area in summer



2020 4F55 3 1 AT ZEBLXEE

0.8
—— AL
—— AR
0.6+ —— 1S

—o— Wil 4 Bl

——

o \ %
1:00 vﬂDSﬂD ?UJ 90(] 11400 1300 I5£D 1700 I‘)OJ'?IG]"'ED
1]

B19 iR FHLR XA E
Fig. 19 Real-time powers of various devices of commercial area
during transition season

20
—— R
—— AR
15 —s— sl

— =W

LhEMW

aaaaaa

0
100 300 500 700 ‘}(IJ IIG}]&}D ISﬂ) I'.-‘.(D IQUJ'?IG)"'\L'D
L]

B 20 AFWLREREFHF
Fig. 20 Real-time powers of various devices
of commercial area in winter

—— RS
ol T MR
A —e— LA HL
—e— WA

IhE /MW

0
1:00 ’u’OU 51]0 ?{I} 900 Ii(l'l]_h?) 1500 17€0 1900 7].{1} '—"i{l]
1 Ta

B2l AEANKEEEEHDE
Fig. 21 Real-time powers of various equipments of office
area in summer

0.8
—— R

AU
—a— 1Ll
067 o mprstlio bl

e Y

()
1:00 300 500 700 900 Iliﬁtlla(i[} 1500 IT-’(I} 1900 2140 7"{1]

B22 SRFHANREZEENAE
Fig. 22 Real-time powers of various equipments of office area
during transition season

*EREIR ARG EIHKY 39
30
—— TR
a5l — MR | ,
T —e— HuEe L | ' |
5 —e—lﬁiﬂiitﬂil!??m \
z : ?
S1s : 1
& |
Fo [
0.5
| .\\
L e e e
1:00 300 500 7:00 900 1100 1300 1500 1700 1900 2100 300
1)

B 23 AFANRERAE T F
Fig. 23 Real-time powers of various equipments of
office area in winter

IS IXANTRIZETT A 1R 2 SR Dy iy 2 ] 21~ 1] 23
B, XIVAKIN S, W AR TR E L& H K
ATEAR, PRI X L Ay e SR AR EE A L, R SER AL
TCRTEMAZ=T 8 TCI8 1T s A oK AU 15 5
HArBE, BEAIET TR Al — B A 8:00~ 22:00, x4 Al L
SR INVARHE BAIRF G 65 2R I 28 Ty i
*iﬁﬁ%%ﬁ%@ﬂ&ﬁ&E%éwm?&ﬁﬁ%*,
PR G 25 I T2k 0,

4 £5E
AR SCUA— LA KA X R, FE5r 25 185 1T

T FEPEAN XA AT R, TE5E A I B IR,
S MLTWRYE , SRS B3 73 22 XM AN R 23 22 X 3800
ﬁ&TT%Mm$,u&§Bﬁ%%T%&%KE§
THSEEAT IR T EEREN], 2R L XL
A BEUR 2R GE b R MLIADE PR B i, RERSR i 25 BE IR

2V

ASCHYEE) CCHP RGBT FE -5 18 T HLAL G443
BEOH . R T SR B . AR S I
AR B AR B4 BN IRAR AR, A
—E I HEIS R . AR TS RO S ERE RS .
CRGHR, LIRAESA “IIREDL” Z Al P 34
WARG, XRARRIFIREENT R

SE k-

[ #he, B, SUEA, % FIERHL N E A 5 X254 R
ARG AR AW [J]. I RG A 3k, 2017, 41(1): 18-24.

[2] XBHiSE, PhZOR, PRIEEE , 55 . HmZE5 RE IR RSP AL R
SETEREN IS [J]. B EE R | 2016, 40(11): 3375-3382.

[8] AW, HIEALL, AL, 5. LRI AR G AT BT
PR SR [3]. ms AR | 2017, 43(1): 114-121

[4] SHEN X W, HAN Y D, ZHU S Z, et al. Comprehensive power-supply
planning for active distribution system considering cooling, heating
and power load balance[J]. Journal of Modern Power Systems & Clean

Energy, 2015, 3(4): 485-493. (T#%447)



